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PROCESS FOR PREPARING AN EXFOLIATED, HIGH I.V. POLYMER 
NANOCOMPOSITE WITH AN OLIGOMER RESIN PRECURSOR AND 

AN ARTICLE PRODUCED THEREFROM 

Related Application 

This application claims priority to provisional patent application Serial No. 
60/1 1 1,202 filed December 7, 1998, which is incorporated herein by reference in 
its entirety. 

Rnrkarnimd of t he Invention 

1. Field of the Invention 

This invention relates generally to a nanocomposite prepared from an 
oligomeric resin-platelet particle precursor composite, a process for preparing a 
high inherent viscosity (I.V.) polymer nanocomposite material comprising at least 
one polymer resin and platelet particles uniformly dispersed therein, the 
nanocomposite material produced by the process, and products produced. from the 
nanocomposite material. 

2. General Background and Description of Related Art 

Thermoplastic materials are being increasingly used in the packaging of 
beverages and perishable foods. Plastics are often the material of choice for food 
and beverage packaging because of their clarity, flexibility, toughness, high gas 
barrier, light weight, processability and high gloss. 

Multilayer materials for packaging are also known for film, bottles, and 
other containers. Multilayer injection molded preforms described, for example, in 
European Patent Application 0 27S 403 A2 ; contain an outer thermoplastic layer to 
impart excellent overall properties to the material and an inner layer of 
thermoplastic resin possessing excellent gas-barrier properties. Molded containers 
produced from these multilayer preforms have potential advantages in regards to 
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handling, safety, and (he cos. of production. However, processing multilayer 
containers usually involves additional and time consuming steps. 

Polyamides and poly(ethylene-co-vin y l alcohol) prov.de high bamer to 
prevent me diffusion of many gases such as oxygen and carbon diox.de. In 
eeneral, however, high barrier materials also command a higher pnce, thus 
Prohibiting their extensive use for oxygen sensitive foods and beverages. For 
example, although the oxygen bamer of the polyamide polyOn-xylyladiparmde) 
(MXD6) is approximately 20 times greater than that of polyethylene 
.erephthalate) (PET), MXD6 and PEN materials are no, nearly so widely used as 
PET, even with oxygen sensitive applications such as beer containers, which 
demand higher barrier. 

PglygSter Materials 

Useful polyesters have high inherent viscosities (IV.) which allow the 
polyester to be formed into a parison and subsequently molded into a contame, 
However, because of the lirmted bamer properties with regard to oxygen, carbon 
diox.de and the like, PET containers are not generally used for products requrnng 
ion. shelf life or that have high sensitivity to spoilage by oxygen. For example, 
oxygen transmission into PET bottles that contain beer, wine and certain food 
products cause these products to spoil. 

The preparation of polymer-platelet particle composites containing, for 
example, nylon-6 and alkyl ammonium treated montmorillonite have been 
disclosed. Most prior attempts to nnprove gas barrier properties used polyarmdes 
due to their hydrogen bonding character and corresponding synergistic interacts 
with the negatively charged clay. However, the application of tins technology to 
polyesters, particularly to improve gas bamer propert.es, has been limited due to 
the inability to achieve the required level of dispersion of the clay particles. 

Processes to prepare polymer composites by incorporating platelet particles 
during polymer synthesis are limited to low LV.'s and to low loadings of platelet 



part ,cles aue to the — g low shear melt viscosity w,.h .he mcrea * 
f ae.an.na.ea p.ate.e, parte.es. For examp.e, 3, KoKa, paten, „o^ «6 
dis c,oses ,he preparation of pc.yes.ev composes co„,a,n,ng 
mo „,mori,.on„e ana bo..,es P re pa rea from .hese po,yes,er compos,*, Example 
, 1 of U S. Pa.en. 4,889,885 aeserit.es .he po.yco n aens a «.on of a.me.hyl 
tere ph.ha.a.e and e«hylene g.yeo, in .he presenoe of 33 weigh, percentof a 
riori«oni.e Cay in w a ter (foe 6, fine, weigh, pereen. of e.ay u, .he 

However, .he forego*, referenees produce ma,er,a.s eon.pns.ng very iarge 

ref erenees aisclose polymer-p.a,ele. compositions having Cher specrtc propertes 
such as oxygen permeability. 

Extruders are well soiled for mixing materia* wim high low-shear me., 
.iscosiry .ha. shear Ihin a, high shear rates. Ex«sion eomponnding approaches 
Zhl shown ro eive in«eroa,a ti on of high mo.ecu.ar we,gh«, 
have been shown ay materials; however, me prepararion 

uolvmers between the platelets of layerenciay 

« .„morisin« mostly delaminated, ind.v.aual platelet 
of polyester-platelet composites compnsm = mosuy 

particles has not been aemonstratea by a eomponnding process. 

w0 93/04117 ana WO 93/04118 aisclose extrusion blending of np to 60 
weigh, percent of intercalated clay materials with a wme range of polymers 

polymers, thermosetnng resms and me ..he. AHhough the use of po.yes.ers are 
dlCosea as usefu. po.ymers ana an examp.e of a PET/organoc.ay nanocompostte 
„ provided in WO 93/04118, compositions prepared as describea exh.br. 
Jufficient c,y aispersion ana ao not leaa to nnprovea barrier aue to lade of 
separation. 

U S Patents 5,552,469 ana 5,578,672 aesenbe .he preparation of 
intercalates derivea from certain clays ana water-soluble po.ymers such as 
" P—e, polyvmyl alcoho, and po.yacry.ic acid The specimen 

scribes a w.ae range of thennop.as.ie res.., .nc.udmg po.yesters an d rubbers 
that ean be usea ... b.ends wi.l, dtese in.erca.ates. The compositions prepared as 



deacnbed exhibit insufficient clay dispersion and do not lead ,0 tmprove bamer 
due to lac. of separation. The inability to contribute to gas barrier would no. be 
predicted based on the disappearance of the d(001) mommorffiomte X-ray 
drffrac.ion pattern as observed in Figure 5 of U.S. Paten, 5,578,672. 

pnl ynmide Materials 

Regarding polyamtde ma.errals, the principle of utilizing a platele, filler, 
eg a layered olay, to enhance properties is well establtshed. U.S. Patent 
4 739 007 describes the use of a compost* material comprised of a polyam.de 
m atrix and weU-d.spersed silicate layers exhibrting high mechanical sfrength and 
excellent high .emperature properties. Additional publications descnbmg po.yaner 
uauocomposiles comprising a polyamide matrix and dispersed layers of srhcate 
inc ,ude U.S. Paten. 4,810,734; German Patent 3808623; Ur«Bs~ 4 
(1987 ) 473-485; OavMmsok, 22, (1988) ^ PJll^^toriote, 22, (April 
1991), 65-66; and P^lymsJ!!^, 2a, (August 1987), 447 - 448. 

Therefore, previous patents and applications have claimed to produce by 
extrusion compounding polymeric (po.yes.er and polyamide) composites 
comprised of in.ercala.ed or exfoliated platelet particles, as indicated etdrer by 
lar „e basal spacing va.ues or the lack of a detectable basa, spacing value by X-ray. 
However, the polymer/platelet particle composites of .he poor art are beheved to 
be aspersions of aggregates with large thrcxness, typically greater than about 20 
„m. While the aggregates were well spaced, very few ind.vidual platelets and 
tactords or particles w„h thickness less than about 10 nm could be found. W.thou. 
achieving a good dispersion and small particle size, improved gas bamer 
properties are difficult to achieve. 

Tims drere remains a need in the art for a process capable of introducing 
hi „h loadings of substantially separated platelet partic.es to polymers, mcludmg 
polyesters and polyamides, to produce a nanocomposi.e having a htgh I.V., 
improved banier properties and good thermal stability. 
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su mmary "f thS 'nviMition 

As embodied and broadly described herein, tins invention, in one 
embodnnen, rela.es to an exfotiated, high I.V. po.ymer-pla.ele. part.c.e 
nanocomposite comprrsing a high moleoular weigh, mam* polymer, and platelet 
particles exfolrated in the matrix polymer, wherein the platelet particles are 
o.spersed rn a matrix po,ymer-compatible ohgomenc resin and wherern the platelet 
particle-oligomer resin dispersion is incorporated into the matrix polymer. 

ta another embodrment, this invention relates to a process for preparing an 
exfoliated, high I.V. po.ymer-pla.ele, particle nanocomposite comprising the steps 
of (i) met, nuxing platelet particles with a matrix polymer-compatible ohgomenc 
resin to form an oligomenc resin-platelet particle composite, and (ii) mixrng tire 
otigcmeric resin-platelet particle composite with a hrgh molecu.ar wergh. matnx 
polymer tirereby increasrng me molecnlar weight of the oligomenc resm-platele 
particle composite and prodncing an exfoliated, high I.V. polymer nanocomposrte 
material. 

In another embodiment, this invention relates to a process for preparing an 
exfoliated, high I.V. polymer-platelet particle nanocomposite compnsmg me... 
nuxing platelet partic.es, a matrix po.ymer-compatib.e o.igomeric resin, and a hrgh 
nro.ecn.ar weight matrix polymer, thereby increasing the molecular wergh. of the 
nrixture and producing an exfoliated, h.gh I.V. polymer nanocompostie matenaL 

to an0 ,her embodimen., this invention relates to a process for preparing an 
exfohated, high I.V. polymer-platelet particle nanocomposite compristng the steps 
of (i) me,, mixing platelet particles with an o.igomeric resin .o form an oligomenc 
resin-platelet particle composite, and (it) increasing the molecular weigh, of the 
ohgomeric resin-platele. particle composite by reactive chain extension of the 
oligomeric resin .o produce an exfoliated, high I.V. nanocomposite matenal. 

in ye. another embodiment, .Ins invention reia.es to a process for preparing 
an exfoliated, .ugh I.V. poly.ner-pla.elet particle nanocomposite compnsmg .he 
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steps of; ra con.ac.ing a Cay wUh an organic canon .o fonn an organoc ay 
comprising platelet pan.Ce, (,) nreH mixing rhe organoclay 
po.ymer-compa.ible oligomeric resur .0 form an oi.go.nene resm-p a.ele, part 

5 into a hmh molecular weight mattrx poiymer, .hereby mcreasmg the moiecniar 
w e.gh. or me oligomeric resm-platelet particle compose and produemg an 
exfoliated, high I.V. polymer nanocomposite matenal. 

Additional advantages of the invention will be set forth in par, in the 
0 detailed description, mcludmg the figures, which follows, and m part wr 1 be 

obvious from .he description, or may be learned by practice of the mven non^T 
advantages of the invention will be realized and attained by means of the e omenta 
and combinations particnlarly pointed on, in the appended claims It rs to be 
understood tha, both tire foregoing general description and the 
5 description are exemplary and explanatory of preferred embodiments of the 
- toven.ion.andareno.restrictiveoftheinvention.asclarmed. 

p r if f Ttaserl ntlir " f th» ™°«res 

, Q Figure 1 is a wide angle X-ray diffraction pattern taken using a Cu K X-ray 

source for tire nanocomposite material of Example 17. 

Figure 2 is a w.de angle X-ray diffraction pattern taken using a Cu K X-ray 
source fertile nanocomposite matenal of Example 18. 

25 Figure 3 is a wrde angle X-ray diffraction pattern taken using a Cu K X-ray 

source for the nanocomposite material of Example 19. 

Fieure 4 is a wide angle X-ray diffraction pattern taken using a Cu K X-ray 
30 source for" the nanocomposite matenal of Comparative Example 2. 

Flgure 5 ,s a wide angle X-ray diffraction pattern laken using a Cu K X-ray 
source forte nanocomposite material of Comparative Example 3. 



Fi „ U se 6 is a wide angle X-ray diffraction pattern taken using a Cu K X-ray 
source for'the nanocomposite material of Comparative Example 4. 

Twon^ Descrip tion off" limailiiin 

Th e present invention may be understood more readdy by reference to the 
foUowing detafied description of the invention, inCuding the appended figure. 
Led o herein, and the examples provided therein. It is to be understood drat 
virion is no, Umrted to the specific processes m d conditions desonbed, - 
!^c processes and/or process condifions for processing plastic articles as such 
T It is also to be understood that the terminology used herem is 

limiting. 
n P finitions 

It must also be noted that, as used in the specification and the appended 
Cairns, the smgular forms "a," "an" and ••fine" tnclude p.ural referents unless 
context clearly dictates othowise. For exanrple, reference to processmg or 
Ting an 4le,» "container • or "bottle" fiom the process or nanocompostie of 
invention is intended to tnclude me processing of a plurality of articles, 
containers or bottles. 

Ranges may be expressed herein as fiom "about" or "app—,y" one 
ocular va,ue and/or to "about" or "approx.ma.ely" another particular value. 
When such a range is expressed, another embodiment includes fiom tire 
part icu,ar value and/or to the other particu.ar value. Similar*, when ^values are 

• i orvfrhe antecedent "about." it will be 
expressed as approximations, by use of the anteceaen 

understood that the particular value forms another embodiment. 

Whenever used in this specification, the terms set forth shall have the 
following meanings: 



• , » »T avered clay " or "Layered material" shall mean 
"T avered clay material, Layered ciay, u 

day compnses platelet particles and is typically sweUable. 

■•Platelets - "platelet particles" cr "particles" shall mean individual or 
Platelets, p r Th«e lavers may be in the form 

aggregate unbound layers of the layered matenal. These ye.s m y 
:;L;idualp,atele, particles, ordered or disordered small aggregates of platelet 
particles (tac.oids), and small aggregates of tac.ords. 

..Olspersion" or "dispersed" is a genera, term that refers to a vane* of 
lev els or deuces of separation of me platelet particles. The hrgher lev e, of 

.•miercmated" cr "intercalate" shaU mean a .ayered Cay matenal drat 

between the adjacent platelets and lactams. 

.•Exfoliate" or "exfoliated" shall mean platelets dispersed mostly m an 
••exfoliated" is used to denote the highest degree of separahon of platelet p 

-Exfoliation" shall mean a process for forming an exfoliate 6om an 
in ,ercala,ed cr otherwise !ess dispersed state of separation 

■^composite" sha.1 mean a polymer or copolymer having dispersed 
material. 

.. Matri x polymer" shall mean a thermoplastic or theimosetting pdymer in 
which the platelet particles are exfoliated to form a nanocompos.te. 
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This invention relates generally to a process for preparing a high I- V. 

■ i cin a at least one polymer resin and platelet 

polymer nanocomposite ma.enal compnsmg at least p y 

ales uniformly drspersed therein, the nanocomposite matena P*^ ^ 

process, products produced from the uanocompostte materia,, and a n.ocomposUe 

prepared from an oligomenc res.n-plate.e, parttcle precursor compos^ The 

Locompostte materia, exhibits .mproved gas harner properties when formed m.o 



an article. 



More particularly, this invention relates to a process comprising the steps of 
(1) preparing an oligomeric resin-platele, particle composite by me„-nuxrng 
platel, p Jc,es and an oligomeric restn and (2, preparing a high I.V. poiymer- 
platelet nanocomposite matenal. 

The molecular weigh, of .he polymer matenal may be increased by any of a 
number of known approaches or by any confutation of these approaches, .g 
chain extenston, reactive extmslon, extirrs.on iefdown, sohd state po y^nz «ron 
or anneahng, annea 1 mg under a flow of tnert gas, vacuum anneahng let-down m 
me,, reactor, etc. Polymer nanocompost.es produced according to the present 
invention display a gas permeabihry winch is a, least 15 percent lower man that of 
the unmodified polymer. 

The prior art has defined .he degree of separation of the platelet particles 
hased on pea* in.ens.ty and basal spacing vaiue, or ,adc of predominant basal 
spacing, as determined by X-ray analyses of po.ymer-p,a.e,e. compose. Even 

ouch X-ray ana,ys.s a,one often does no. unambignously pred.c. whether .no, 
the p,a.e.e, particles are individually d.spersed in the po.ymer, „ can often *« 
qU a tification of the !evel of dtspers.on ach.eved. As such. X-ray analysts only 
rov.des in—n related to ,he we,, ordered aggregates, which are only a small 
ortion of the p,a,e,e« particles present. Moreover, in po.ymer nanocompost.es, X- 
ly a„a,ys,s a,one does not accurately predict .he dispersion of the piatele, part.Ces 



in neither the polyester nor the resultant gas barrier improvement. TEM images of 
polymer-platelet composites show that platelet particles which are incorporated 
into at least one polymer exist in a variety of forms, including, but not limited to 
individual platelets (the exfoliated state), disordered agglomerates of platelets, well 
ordered or stacked aggregates of platelets (tactoids), swollen aggregates of stacked 
platelets (intercalated tactoids), and aggregates of tactoids. 

Without being.bound by any particular theory, it is believed that the degree 
of unproved gas barner (permeability) depends upon the embodiment ratio of the 
resulting particle platelets and aggregates, the degree to which they are dispersed 
or uniformly distributed, and the degree to which they are ordered perpendicular to 
the flux of the permeant. 

To obtain the improvements in gas permeability and the enhanced melt 
viscosity according to the present invention, it is preferable that the platelet 
particles representative of the bulk of the composite be exfoliated, and preferably 
be highly exfoliated, in the matrix polymer such that the majority, preferably at 
least about 75 percent and perhaps as much as at least about 90 percent or more of 
the platelet particles, be dispersed in the form of individual platelets and aggregates 
having a thickness in the shortest dimension of less than about 20 nm and 
preferably less than about 10 nm, as estimated from TEM images. Polymer- 
platelet nanocomposites containing more individual platelets and fewer aggregates, 
ordered or disordered, are most preferred. Significant levels of incomplete 
dispersion (i.e., the presence of large agglomerates and tactoids greater than about 
20 nm) not only lead to an exponential reduction in the potential barrier 
improvements attributable to the platelet particles, but also can lead to deleterious 
affects to other properties inherent to polyamide resins such as strength, toughness, 
and heat resistance. 

Again, without being bound by a particular theory, it is believed that 
delammahon of platelet particles upon melt mixing with a polymer requires 
favorable free energy of mixing, which has contributions from the enthalpy of 
mixing and the entropy of mixing. Melt mixing platelet particles with polymers 
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re su,.s ,n a negative en.ropy of fixing du« to the .educed numoer of 
conformations whrch a polymer Cam - «»e„ >< ««- » « * f 
M . Wrs of clay. Il is believed .hat poor disperse „ obtamed us.ng me., 

L ne=a«ve entropy of mixmg. In contrast, generally good d.spersrons are 
Hid witb po.yamides due ,o .heir bydrogen bondnrg cbaracre, However, .he 

mWng . Efforts to aclrieve a favorable entbalpy of mrxnrg of piatele P*^ 
me ,r processible po.ymersby pretreatfng uae platelet partrcles (e.g., by 
exchange with alkyl ammonium ions, have been unsuccessful. 

Regarding the present invenrf on, ., has also been found that the use of low 

prides gives good dispersion, creadng mostly indlvrdual parses. ~ 
Lg bound by any particular theory, it is believed that the entropy ofmrxmg 
decreases with decreasing number average molecular weigh, of.be polymer 
th ereby decreasing dre free energy of mixing, which improves 
increases me probability of de.amhrathrg me platelet particles m.o mdrvrdual 

platelets. 

Desirable values for .he I.V. or molecular weigh, of.be oligomer depends 
on facers mcludmg .he oligomer and clay selec.ed as is readily de.em.med by 
those skilled in the art. 

Therefore, .he process of mis invention is operative for all polymers for 
whi ch a memod of increasing .he compose molecular weigh, (or I.V) rs desned. 
The process of .his invenhon, allhough par.rcn.arly useml wr«h po.yamrd , 
especially use*, for polymers tha, laca .he hydrogen bondmg characters of 
polyamides, such as polyesters. 
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Process, Nanocomposiies and Articles Produced Therefrom 

As stated, this invention relates generally to a process comprising the steps 
of (1) preparing an oligomer* resin-platelet particle composite by melt mixing 
of (1) prepann, sparing a high molecular weight 

platelet particles and an ohgomenc resin and (2) preparing „ 

polymer-platelet nanocomposite material. 

In a first embodiment, this invention relates to a process for preparing an 
exfoliated, high LV. polymer-platelet particle nanocomposite 
of (i) melt mixing platelet particles with a matrix polymer-compatible ohgomenc 
resl n to form an oligomer* resin-platelet particle composite, and (ii) mixing the 
oligomeric resin-platelet particle composite with a high molecular weight m tn 
polymer thereby increasing the molecular weight of the oligomeric resm-platele 
paTle composite and producing an exfoliated, high LV. polymer nanocomposite 
material. 

Although any melt mixing device may he used, typically, the melt mixing 
st ep is conducted either hy a hatch mixmg process or hy a me.t °™P— 
exLon process dunng which treated or untreated layered partic.es are mtroduced 
mt0 an ohgomenc resin. Pnor to meU mixmg, the treated or untreated layered 
particles may exist in various forms including pellets, flaxes, chips and powder, 
is preferred that me treated or untreated layered particles he reduced „ s,ze hy 
me ,hods Known in the art, such as hammer miffing and jet miUmg. Pnor to me,, 
.nixing, the oligomeric resm may exist in wide vanety of forma mcludmg pellets, 
ground chips, powder and its molten state. 

Referring to the first embodiment of this invention, in one embodiment, .he 
m e„ m,x.ng s.ep may be achieved hy dry mixing oligomeric resin with treated or 
untreated layered particles then passing ...e mixture through a co.npound.ng 
ex,rt,der under conditions sufficient to melt the ohgomenc resm. 
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c *u . « ret embodiment, the melt-mixmg step is 
In another embodiment of the hrst embomm 

• ™a rreited or untreated layered particles 

conduced by feeding the oligomers resm and treated o 

separate,, into a compounding extruder. When treated Layered pamdes are used 
2 prod, Hi. preferred that the ohgomenc resit, be added first to tmnrmrae 
degradation of treated layered particles. 

Use of extrusion compounding to mix the clay and the polymer presents 
two advantages. Chiefly, the extruder is able to handle the high viscosity exhibited 
by the nanocomposite material. In addition, in a melt .^^«" 
Reducing nanocomposite materials, the use of solvents can be avoided. 

ur ■* rm often be costly to remove from the nanocomposite 
molecular weight liquids can often be cosuy 



resin. 



b a second enaboduuen, of Oats invention, a high concentration of layered 
pardeles is melt mixed with oHgomerrc resm by mixing in a "^^T 
omposite material is tbeu either chant extended, polymenaed to htgh molecular 
Z, - ietdowninmeex.udermtoamghmolecular weight po.ymer to obtatn 

the final nanocomposite material. 

The ohgomerie resin and Ore high molecuiar weight polymer may have the 
same or different repeat unit stntcture. i.e., may be comprised of the same or 

Its Preferably the oligomeric resin has the same monomer 
different monomer units. JrTeieraDiy, inc 0 

unit to enhance compatibihty or miscibi.ity with the high molecular werght 
polymer. 

to another embodiment of this invention, molten ohgomerie restn may be 
fed duectly «o a compoundtng exmader along with treated or untreated layered 
particles to produce the oligomeric resin-platele, particle nanocompost.e. 

If desired, a dispers.ng aid may be present during or pnor to the formation 
of the composite by mel, mixing for the purposes of aiding exfoharion of the 
treated or untreated swehable layered particles into the polymer. Many sue 
disperse a,ds are hnown, covering a wide range of matena.s tncludmg water, 



alcohois, ketones, aldehydes, chlorinated solvents, hydtocarbon solvents, aromatic 
solvents, and the like of combinations thereof. 

Formation of a high I.V. pclymet-platclct particle nanocomposi.e may be 
achieved by several different methods. For polyesters, these include, but are not 
Hmited to solid state polymenzafion, mel, componndmg with melt process* e 
polyester, and then combinations. In one embodiment of this inventron, the IV. 
the oligomeric polyester-platelet particle composite is increased by solrd state 
polymerization. In another embodiment of .his invention, .he ohgomenc 
polyester-platele, particle composite is compounded with a me., processtble 
po,yes,er and used as is or is mcreased in I.V. by solid state polymenzatron. The 
mo nomer unit of the mel. processtble polyamide may be the same as or dtfferent 
than the oligomeric polyamide. 

For polyamides, formation of a high I.V. nanocomposi.e includes, but is no. 
limit ed to, reactive chain extension of an oligomeric polyamrde-platelet parttcle 
composite, and mel. componndmg of an oligomeric poiyamtde 
high molecnlar weight, mel. processible polyamide. The monomer urn. of .he mel, 
processible polyamide may be me same as or differen, than the ohgomenc 
polyamide. 

This invention also relates to a polyester nanocomposite material 
comprising a polyester having topersed therem platelet panicles denved from 
various clay material which may be untreated, metal intercalated, orgamcally 
modified through cafion ion exchange, or in.eroa.a,ed with other high molecnlar 
weigh , pretreatment compounds. The polyester nanocomposite ,s preferably a 
polyethylene terephthalate polymer or copolymer nanocomposi.e havmg an I.V. of 
at least 0.4 dL/g, preferably at least 0.5 dL/g. 

This invention also rela.es .0 a polyamide nanocomposite material 
comprising a po.yamide havmg dispersed thereto platelet partioies denved from 
various clav materials which may be untreated or metal intercalated, orgamcally 
m0 dified through cation exchange, or intercalated with other high molecular 



weight pretreaunen, compounds. Any poiyamide may be used in the process of 
this Invention. The polyam.de nanocomposite is preferably a poly(tn-xylyle„e 
adipamide) pokymer or copo.ymer nanocomposite having an LV. of a, .east 0.5 
dL/g, preferably at least 0.7 dL/g. 

This invention also relates to articles prepared from the nanocomposite 
material of mis invention, including, but not hmt.ed to film, sheet, pipes, tubes, 
profiles, mowed articles, preforms, stretch blow molded films and contamers, 
injection Mow mo.ded containers, exttusion blow molded films and containers, 
thermoformed articles, and the like. The containers are preferably bottles. 

The articles may also be multilayered. Preferably, the multilayered articles 
have a nanocomposite material disposed intermediate to other layers, although the 
nanocomposite may also be one layer of a two-layered article. In a more preferred 
embodiment, the article has five layers comprising (a) a first and fifth layer 
comprising polyethylene terephthalate) or a copolymer thereof, (b) a thtrd layer 
composing recycled polyethylene terephthalate) or a copolymer thereof, and (o) a 
second and fourth layer formed from the nanocomposite. 

All of these additives and many others and their use are known in the art 
and do not require extensive discussion. Therefore, only a limited number wtll be 
referred to, it being understood that any of these compounds can be used m any 
combination of the layers so long as drey do not Under fire present invention from 
accomplishing its objects. 

In embodiments where the nanocomposite and its components are approved 
for food contact, the nanocomposite may form the food contact layer of the desired 
articles. In other embodiments, it is preferred that the nanocomposite be m a layer 
other than the food contact layer. 

In another embodiment of this invention, the polymer-platelet particle 
nanocomposite and the molded article or extruded sheet may be formed at the same 
time by co-injection molding or co-extruding. 



Another embodiment of this invention is the combined use of silicate .ayers 
uniformly dispersed in the matnx of a high battier thermoplastic together wtth the 
muMlayer approach to packaging materials. By using a tayered clay to decrease 
the gart permeability in .he high barrier layer, the amount of this ma.enal that ts 
needed ,o generate a spectftc barrier !evel in the end applicatton is greatly reduced. 
Stnce the high barrier material is often the most expensive component in muhtlayer 
packagtng, a reduction in the amount of this material needed can be qut.e 
beneficial. Wtth the nanocomposite layer being sandwiched between two outer 
polymer layers, the surface roughness is often considerably less than for a 
nronolayer nanocomposite material. Thns, with a multilayer approach, the level of 
haze is reduced. 



Polyesters 

The I V of the oligomeric polyester prior to melt mixing is preferably from 
about 0.05 and 0.5 dL/g, and more preferably from 0.1 dL/ g to 0.3 dL/g as 
measured in a mixture of 60 weight percent phenol and 40 weight percent 1,1 - 
tetrachloride at a concentration of 0.5 g/lOOml (solvent) at 25°C. Preferably, 
the I V of the high molecular weight matnx polymer is at least 0.6 dL/g, and more 
preferably as 0.7 dL/g as measured in a mixture of 60 we.ght percent phenol and 
weight percent 1 ,1,2,2-tetrachloroethane at a concentration of 0.5 g/lOOml 
(solvent) at 25°C. Moreover, the oligomers polyester has a number average 
molecular weight of from about 200 to about 10,000 g/mol and may be a homo or 
cooligomer. 

Suitable polyesters include at least one dibasic acid and at least one glycol. 
The primary dibasic acids are terephthalic, isophthalic, naphthalenedicarboxyhc, 
1 4-cyclohexanedicarboxylic acid and the like. The various isomers of 
naphthalenedicarboxyhc a C1 d or mixtures of isomers may be used, but the 1,4-, 15. 
9 6- and o 7-isomers are preferred. The 1,4-cyclohexanedicarboxylic acid may be 
in the form ofcis, trans, or cis/trans mixtures, in addition to the acid forms, the 
lower alkyl esters or acid chlorides may be also be used. 



The preferred polyester is polyethylene terephthalate) (PET) or a 
copolymer thereof. The copolymer may be prepared fr om two or more of the 
following dicarboxylic acids or glycols. 

The dicarboxylic acid component of .he polyester may optionally be 
modified with np to abon. 50 mole percent of one or more drfferen, drcarboxyl.c 
acds Snch additional dicarboxylrc acids include dicarboxylic acids havrng from 
to abon. 40 carbon atoms, and more preferably dicarboxylic adds se.ec.ed from 
aromatic dicarboxylic acids preferably having 8 to 14 carbon atoms, ahphatic 
dicarboxylrc acrds preferably having 4 to U carbon atoms, or cycloahphatrc 
dicarboxyUc acids preferably having 8 to 12 carbon atoms. Examples of smtable 
dicarboxylic acids include terephthalic acid, phthalic acid, isophthalic acrd, 
naphthalene. 2,6-dicarboxylic acid, cyclohexanedicarboxylic ac.d, 
cyclohexanediacetic acid, diphenyl-4,4,dicarboxylic acid, phenylenedi(oxyace«o 
acid) succinic acid, glutaric acid, adipic acid, azelaic acid, sebacic acid, and the 
like Popsters may be prepared from two or more of the above dicarboxyhc 



acids. 



Typical glycols used in the polyester include those containing from two to 
about ten caxbon atoms. Preferred glycols include ethylene glycol, propanedxol, 
1 4-butanediol, 1,6-hexanediol, ! ,4-cyclol—methanoU Methylene glycol and 
the like The glycol component may optionally be modified with up to about 50 
m ole percent, preferably up to about 25 mole percent, and more preferably up to 
about 15 mole percent of one or more Afferent diols. Such additional diols include 
cycloahphatic diols preferably havrng 6 to 20 carbon atoms or aliphatxc diols 
preferably having 3 to 20 carbon atoms. Examples of such diols include: 
Methylene glycol, methylene glycol, neopentyl glycol, 1,4- 
cyclohexanedunethanol, propane- 1,3-diol, butane- 1,4-diol, pentane-l,,-diol, 
hexane-l,6-diol, 3-meth y lpentanediol-(2,4), 2-methylpentanediol-(l,4), 2,2,4- 
trimethylpentane-dioHl,3), 2-ethylhexanediol-(l,3), 2,2-diethylpropane-d l ol-(l,3), 
hexanediol-(l,3), l,4-di-(2-hydroxyethoxy)-benzene, 2,2b-is-(4- 
hy droxycyclohexyl)-propane,2,4-dihydroxy-l,l J 3,3-tetramethyl-cyclobut a ne,2,2- 



l d «he L Powers may be prepared from two or more of the above d,o.s. 

■ small amounts of multifunctional polyol 5 sue,, as tnmethylolpropane 
pentaerythntol, glycerol and the Uhe may be used, if desired. When us.ng M- 

ycl ohexaned.me,hano>, .« may oe me ets, mans or e,s/,rans matures whern^ 
pheny,ened. ( oxyacehc aeid) it may Be used as 1,2; I* M tsomers or mtxmres 
thereof. 

The resin may also eontain smal! amounts of tnmnchona, or tetramnetiona, 
comonomers to provide controlled branching in the polymers. 
tacl ude trimellitic anhydnde, tnmethylolpropane, pyromeUiuc dtanhydnde, . 
pen.aerythn.ol, tntneffitic aeid, trimeffitic aeid, pyromeUitic aeid and other 
polyester forming polyaeids or polyols generahy known in me art 

Poly amides 

The I V. of .he ohgomerio poiyamide prior .o mel. mixing is preferably 
fem about 0.1 and 0, dL/g, and more preferably mom 0, d L /g to 0, dL/g as 

tetr achloroethane a. a concentration of 0.5 g/lOOm. (so.ven.) a. 25 C. P.eferably, 
I V. If me hrgh molecular weigh, matnx poller .s a. ,eas. 0, dLVg and more 
p ref erab,y is a. leaa. 1.0 <U g aa measured ,„ a mixmre of 60 weigh, percen 
phenol and 40 weigh, percen. U,2,2,e.raehloroe.ha„e a. a —en.ra.tono f 0.5 
g/WOml «so,ve„.) a. 25°C. Moreover, .he oligomer* poiyam.de has a number 
Lrage molecular weigh, of horn abou, 200 to abou. ,0,000 g/mo, and may 
homo or cooligomer. 

S„i.ab,e po,yam,des used in me proeess of this invention inelude those 
prepared by ting opening pohmrenzation of .actarns and .hose prepared by 
condensation polyn.enza.ion of d.acids and diammes. Examples of sunable 
polyamides atcH.de polyfm-xylylene ad.pamide) or a copolymer thereof. 
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^phthatic acid-modifted po,y<n,xyly,ene adipamrde), nylon-6, nylon-6,6, and the 
like, or mixtures thereof. 

Ahhough no. required, addrtives normaUy used in powers may be used, if 
teire d. Snc h additives inc.ude counts, ptgnrents, carbon Mac, glass hers, 
, mp ac, modrfrers, antioxidants, surface hrbneants, d.nestmg agents, UV hgM 
absorbing agents, me.a, deactivators, fiHers, nuc,ea,ing agents s,ab,hzers, flame 
retardants, rehea. aids, organization aids, acetamehyde reducrng compounds 
r ecyo,ing reiease aids, oxygen scavenging materia,, or mtxtures thereof, and the 



10 like. 



All of titese additives and nrany others and their use are known in the art 

and do no. re,u,re extensive disoussion. Therefore, only a limited number wUl be 

referred to, it bemg understood ,ha, any of these compounds can be used tn any 
Ibmadonofmeiayeraso^asmeydonorhinderthepresentrnvenhonftona 

accomplishing its objects. 
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Platelet Particles 

Be composite of the present nrventton comprise up to about 25 weigh, 
percent, prefer* from 0, and 1 5 wetgh, percent, more prefer* from £ 
weigh, percen, and mos, preferab.y from 0.5 and !0 weigh, percent of cert*n 
p,atele, particles detrved from organic and/or inorganic elay matena, , The 
lount of p,a,e,e, partrc.es is determtned by measuring the amount o £ of * 
p oly ester-p,ate,et composrtions when heated in accordance wrth ASTM D5630 9 , 
which is incorporated herein by reference. 

The pla,ele, particles of the present invention have a thickness of less than 
ahou, 2 nm and a d.amcter in the range of about 10 to about 5000 nm. For the 
purposes of thia mvention measurement refer on,y to the plate.e, parttde and no, 
any dispersing a.ds or pretreatirren, compounds which migh, be used. 
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Suitable platelet partic.es are derived from Cay material which are free 
nown^ having a cation exchange capactiy berween about 0.3 and about a 
l qi :l preferably between about 0, and about me,/g. " ' 

r^le day nratenals tnCude mica-type layered natura,, synthebc or mod, ed 
XLJes, mCudmg Cays, smectite Cay, sodium monti— e sod^n 
LCorite bentonite. nontronite, beidCite, volonsloite, sapomte, saucom e, 
Z ^ -nyahe, synthetic sod.um hectonte, and the tike. Cays of «e 
Lavage from vanous companies including Southern Clay Pro uc, ^ 
Nanocor, fnc. Generany, .he Cay materials are a dense aggh—n 
particles, which are closely stacked together like cards. 

The most prefaced Cay materia! used for the nanocomposi.e and process of 
«tis mvention is Wyoming-type monhnoriUonue or Wyonung-rype bcntomte. 

Other non-clay materials having the above-descnhed ion-exchange capacity 

,„,h, used as the source of platelet partiCes 
and size, such as chalcogens, may also be used as V 
under the present invention. ChCcogens are satis of aheavy naetal -*™P^ 
Z, S, Se, and Te). These matenCs are known in me art and do no. need to be 
described in detail here. 

tinprovemen.s in gas hazier a,so resuL from mcreases in .he —ion 
of pl a,ele. particles in .he po.ymer. While amounts of pla.Ce, parPcles as low 
0.0 percen. provide unproved bamer (espeCahy when wed drspersed an 
ordered,, compositions hav ing a. !eas« ahou. 0, weigh, percent of .he 
particles are preferred because they disp.ay the desired movements m gas 
permeability. 

Generany, it is desirab.e to treat the seiec.ed Cay material to facilitate 
separation of the agglomerates of pla.Ce. partiCes to indivMua, P>-^^ 
a„ d smati tactoids. Separating the p.a.Ce. partiCes prior to mcorporatron «o 
po.ymer a,so improves the po.ymer/p.atCe, interface. Any treaunen, « 
tie above gcais may be used. Examp.es of usefu, treatments mcluue m,«ca ton 
1 waterl.uti.e or water insolub.e po.ytners, organic reagenrs or monomers, 
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silane compounds, metals or organometaUics, organ, cations to effect canon 
exchange, and their combinations. 

Treatment of the clay can be accomplished prior to the addition of a vta.er 
dispersible polymer to the Cay matenal, during .he dtsperston of .he clay wuh the 
water salable polymer or dnnng a subsec.uen. melt blending or me., fabricate 
step. 

Examples of useful presentment with polymers and oligomers include 
those disclosed in U.S. Patents 5,552,469 and 5,578,672, incorporated herent by 
reference. Examples of useful polymers for interesting the platelet parhcles 
include polyvinyl pyrrohdone, polyvinyl alcohol, polyethylene glycol, 
polytetrahydromran, polystyrene, polycaprolactone, certain water disperstble 
polyesters, Nylon-6 and the like. 

Examples of useful pretreatment with organic reagents and monomers 
include those disclosed in EP 780,340 Al, incorporated herein by reference. 
Examples of useful organic reagents and monomers for intercalating the platelet 
particles include dodecylpyrrolidone, caprolactone, caprolactam, ethylene 
carbonate, ethylene glycol, brshydroxyethyl terephthalate, dimethyl terephthalate, 
and the like or mixtures thereof. 

Examples of useful pretreatment with stiane compounds include those 
treatments drsclosed in WO 93/111 90, incorporated herein by reference. Examples 
of useml sxlane compounds includes (3-glycidoxypropyDtrimethoxystiane, 2- 
methoxy (polyethyleneoxy)propyl heptamethyl trisiloxane, octadecyl dimethyl (3- 
trimethoxysilylpropyl) ammonium chloride and the like. 



30 



Organic Cations 



Numerous methods to modify layered particles with organic cations to form 
an organoclay are known, and any of these may be used in the process of tins 
invention. One embodiment for preparing an organoclay is the modification of a 
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swellable layered panicle wi«h an onium cation. Typically, an organociay - 
prepared bv dispersing a layered particle ma.enal in ho, water, most preferably 
L 50 to 80-C. adding an organic canon sal. (onium cation) or combmat.ons of 
orK an,c canon salts (neat or disao.ved in water or alcohol) w„h agitation, then 
bl^nd.ng for a penod of time sufficient for the organ, cations to exchange mo , 
th e nrela, cations present in the galleries between the layers of the c,ay ma.ena . 
Then the organ.oa.ly nrod.f.ed layered particnlate material is .solated by methods 
known in the art including, bn. not limited to, fimation, centiifugation, spray 
drying, and their combinations. 

It is deairable to nse a sufficient amount of .he organic cation sal, to permit 
change of mos, of me metal cations in ,he galleriea of me 
„ ra anic cations; .herefore, a, leas, abou, 1 equivalen, of orgamo cahon aa« ,s used 

abou, 0.5 ,o 2 equivafcms of organic canon sal, be used, more preferabl abou 1.1 
t0 1 5 equivalent. It is often desirable, bn, no, required, to remove most of me 
meta) cation sal, and mos, of fine excess organic cation salt by washing and by 
other techniques known in the art. 

Useful organic cation salts for the process of this invention can ue 
represented as follows: 

r R, 

(i) 

i wnuQ- X" is a halide, hydroxide, or acetate anion, 
wherein Mis nitrogen or phosphorous, X is a nanae, y 

preferably chloride and brom.de; R„ Rr, R. and R, are independently orgamc and 
oHgcmeric hgands or hydrogen. Examples of useft.1 orgamc Uganda mclude, 
are'no, .united to, linear or branched ahry, groups having 1 to 22 carbon atoms 
aralxv, aroups which are benzyl and substitu.ed benzyl moieties inoludmg ft.se 

• i „;„c or branches of 1 to 22 carbon atoms in the allcyl 

rin« moieties having linear chains or brandies 01 

i „.„,,« such as phenyl and substituted phenyl 
portion of the structure, aryl groups sucn as pmuy 
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+ 
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including fused ring aromatic substituents, beta : gamma unsaturated groups having 
six or less carbon atoms, and alkyleneoxide groups having 2 to 6 carbon atoms. 
Examples of useful oligomeric ligands include, but are not limited to, 
P oly(alkylene oxide), polystyrene, polyacrylate, polycaprolactone, and the like. 

In one embodiment, the organic cation is not an organic cation salt 
represented by Formula (I): 



r R t 

I 

R 4 
(I) 



X 



wherein M is nitrogen or phosphorous, X" is a halide, hydroxide, or acetate anion, 
R, is a straight or branched alkyl group having at least 8 carbon atoms, and R 2 , R 3 , 
and R, are independently hydrogen or a straight or branched alkyl group having 1 
to 4 carbon atoms. 



Examples of useful organic cations include, but are not limited to, alkyl 
ammonium ions, such as dodecyl ammonium, octadecyl ammonium, bis(2- 
hydroxyethyl) octadecyl methyl ammonium, octadecyl benzyl dimethyl 
ammonium, tetramethyl ammonium, and the like or mixtures thereof, and alkyl 
1 5 phosphonium ions such as tetrabutyl phosphonium, trioctyl octadecyl 

phosphonium, tetraoctyl phosphonium, octadecyl triphenyl phosphonium, and the 
like or mixtures thereof. 



Illustrative examples of suitable polyalkoxylated ammonium compounds 
include those available under the trade name ETHOQUAD or ETHOMEEN from 
Akzo Chemie America, namely, ETHOQUAD 18/25 which is octadecyl methyl 
bis<;polyoxyethvlene[15]) ammonium chloride and ETHOMEEN 18/25 which is 
octadecyl bis(polyoxyethylene[15])amine, wherein the numbers in brackets refer to 
the total number of ethylene oxide units. The most preferred organic cation is 
25 octadecyl methyl bis(polyoxyethylene[15]) ammonium chloride. 



The particle size of the organoclay is reduced in size by methods known in 
the art. including, but not limited to, grinding, pulverizing, hammer milling, jet 
milling and their combinations. It is preferred that the average panicle size be 
reduced to less than 100 microns in diameter, more preferably less than 50 microns 
in diameter, and most preferably less than 20 microns in diameter. 

It should be appreciated that on a total composition basis, dispersing aids 
and/or pretreatment compounds may account for significant amount of the total 
composition, in some cases up to about 30 weight percent. While it is preferred to 
use as little dispersing aid/pretreatment compounds as possible, the amounts of 
dispersing aids and/or pretreatment compounds may be as much as about 8 times 
the amount of the platelet particles. 



F.yamples 

The following examples and experimental results are included to provide 
those of ordinary skill in the art with a complete disclosure and description of 
particular manners in which the present invention can be practiced and evaluated, 
and are intended to be purely exemplary of the invention and are not intended to 
limit the scope of what the inventors regard as their invention. Efforts have been 
made to ensure accuracy with respect to numbers (e.g., amounts, temperature, etc.); 
however, some errors and deviations may have occurred. Unless indicated 
otherwise, parts are parts by weight, temperature is in °C or is at ambient 
temperature, and pressure is at or near atmospheric. 

Polyester Examples 

The following examples illustrate 1) the preparation of an organoclay, 2) 
the preparation of an oligomers polyester-platelet particles composite by melt 
mixing the organoclay with a PET oligomer that was prepared by esterification ot 
terephthalic acid and ethylene glycol, 3) extrusion compounding the oligomeric 



polyester-platelet particle composite with PET, and 4) the solid state 
polymenzation of the polyester-platelet composite to high I.V.. 

Ft ample 1 

Example 1 illustrates the preparation of an organoclay. 

36.0 g (34.2 meq) of sodium montmorillonite (supplied by Southern Clay 
Products and reported to have a cation exchange capacity of 95 
milliequivalents/100 grams) and 1800 ml of distilled water at 100°C were blended 
in a Wanng Commercial Heavy Duty Blender for 2.5 minutes at the highest 
stirring ra te (about 1000 rpm). 33.5 g (34.2 meq) of octadecyl-methyl- 
[e thoxylated(15)] ammonium chlonde (commercially available as ETHOQUAD 
1 8/25) in 200 ml of hot distilled water were added to the mixer and blended for 2.5 
minutes. The solids were then removed by filtration with a 3000 mL Buchner 
funnel with medium fritted disk. The wet solids were then slurried in 500 mL of 
water in a Waring Corneal Heavy Duty Blender and filtered. The filtered 
was dried at 80°C in a vacuum oven (with nitrogen sweep) for 16 hours to provide 
2 8 grams of a lieht tan solid. Analysis by X-ray diffraction showed a basal spacing 
of 3 38 nm Ash residue, which is a measure of the inorganic content, was ,2.1 
weight percent. The material was passed through a hammer mill then a jet mill to 
reduce the number average particle size to about 7 microns. 

Example 2 

A mixture of 3 1 .4 weight percent of the organoclay from Example 1 and 
68 6 weight percent of oli g o(ethylene terephthalate) (GET) (number average 
molecular weieht of 382 g/mole, I.V. of about 0.08 dL/g, 8.7 weight percent 
residual ethylene glycol, catalyst content 243 ppm antimony) is dned overnight in 
a vacuum oven at 100°C Analysis by X-ray diffraction of this physical mixture 
showed the characteristic basal spacing of the clay at about 3.4 nm with an X-ray 
intensity of about 72,000. The mixture is then compounded on a Leistntz Micro 
IS corotatins twin screw extruder at 220°C with a die temperature of 230°C. A 



genera! compounding -w is utilized a, a rare of 200 
"analysis by X-ray diffraction showed a reduction of intenstty to abou, 18,000 
Xia. .be basa, spac,„ g of tbe Cay of 3.4 nan bad an improved ertfohation 
of the Cay in the resuhmg composite, with only abont 25% of the ongtnal Cay 
Loids remaining (no«e: the percent (%) ovulation is a s.mple % of the on g .na. 
X-ray intensity, 100% X 18,000/72,000 ■= 25%). Transmission electron 
naicromaph (TEM) imagrng of this matenal shows tire presence of mostly 
individual platelet particles and some tactoids and aggregates. 

Fvample 3 

The procedure of Example 2 was repeated using oligo(ethylene 
tarephtha Js> wrth I.V,s ranging from abou, 0.06 to abou, 0.46 dT,g. The resuhs 
of x-ray difihsion intensify of ft. 3.4 nm basal spacing of me organoelay 
present in Table 1 show ma, ,he amoun, of organoclay .ac.oids, aa mdtca^ by 
Zy imenshy, hrcreases wim increasrng I.V. of me oHgo(e,hy,ene .erephthaiate). 
This exnerimen, demonstrates me utility of usmg low I.V. oUgofemylene 
terephthalate) to prepare polymer-pUtCe, particle oomposiiea wim unproved 
erfoUationofmeplatele, particles. Table 1 is shown below. 



Table 1 

Sample 




2 


0.18 


6,800 


9 


3 


0.24 


27,000 


37 


4 


0.26 


24,000 


33 


5 


0.30 


34,000 


43 


6 


0.33 


27,000 


37 


7 


0.46 


40,000 


54 



Example * 

A mature of 10.6 g of the organoclay of Example 1, 115 g of 
oM ethy.ene terephtha.ate, (I.V. of about 0.08 oL/g), and 2.7 g of cyclohexane 
ditnethano, is meUmixed in a heavy-waHed 1L flask under a nttrogen amrosphere 
at 2 ,0°C, held at 220°C for about 15 minutes, and heated to about 280°C over a 

ti was removed from the flask and ground 

period of about 15 minutes. The material was remo 

o pass a 4 mm soreen. Analysis of the resulting compos.te utdteated an I.V. of 
0 T 2 dL/g, an ash va,ue of 4, we.gh, %, and an X-ray diffraction intenstty of about 
20,000 for the 3.4 ran basal spacing of clay. 

The above oligomeric polyester-platelet partiole eomposi.e is annealed in a 
sol id stating unit healed with refluxing diethyl succinate (about 2,5-Q , with a 
trimogen flow rate of 10 SCFH for 24 hours. The I.V. is increased to about 0.6a 
dL/g. 

The above polyester-platelet particle composite is dried overnight in a 
vacuum oven at 120°C with a alight nitrogen purge. The dried matenal , 
compressor molded at 280«C then quenched in ice water to provide *ar films 

\- , f,hontl0mil Oxygen permeability of the film was determmed to 
with thickness of about 10 mil. uxyse v 

b e 4 2 cc-nriV100in'-24hr-a,m, a value markedly improved from unmodtfied PET 
(10 .4 cc-mil/100in=-24hr-a,m). Thus, the polyester-pla.elet particle composue has 
significantly improved barrier properties. 

A mixture of 360.9 grams of ground PET 9921 polymer and 39.1 grams of 
tfce organoclay from Example 1 is dned overnight in a vacuum oven a, .05 C. The 
1,1 is drv-biended and then compounded m the Lcstntz Micro , 8 extruder a, 
„ 5 'C with a die temperature of 2 S o"c employing a general compounding screw at 
"crate of >50 tpm. The extrudate is pelletized and characterized and the sample ,s 
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compress.cn molded and tested for oxygen permeabUity with the resulting barrier 
measurement of 10.1, a value no. markedly different from unmod.fied PET 9921 
(10.4). 

The lack of improvement in oxygen barrrer obtained for PET by the 
extrusron compounding with clay is indicative of the poor dispersion of the clay 
layers into PET matrix. 

Example 5 



A mixture of 90 weight percent of PET-9921 and 10 weight percent of the 
oligomeric polyester-platelet particle composite from Example 2 was dned 
overnight in a vacuum oven at 100°C then compounded on a Leistntz Micro 18 
rotating twin screw extruder at 280°C. A general compounding screw was 
1 5 utilized at a rate of 200 RPM. 

The above polyester-platelet composite material was dried overnight in a 
vacuum oven at 120°C with a slight nitrogen purge. The dried matenal was placed 
into a glass solid state polymerization unit with a nitrogen purge of 14 scfh and 
20 heated by boiling diethyl succinate, which has a boiling point of 218°C. After a 

penod of 8 hours, heating was discontinued and the solid state polymerization umt 
was allowed to cool. After cooling, the composite matenal was removed. 
Analytical results showed that the composite had an I.V. value of 0.6 dL/g, a low 
shear melt viscosity at 280°C of 25 x 10 3 poise, an ash residue of 2.0 we.ght 
25 percent, and a melting point of about 250°C, and the following glycol residues 
based on 100 mole percent total glycol residues: 2.8 mole percent Methylene 
glycol 3.2 mole percent 1,4-cyclohexane dimethanol, and 94 mole percent 
ethylene glycol. TEM imaging of this polyester-platelet nanocomposite shows the 
presence of mostly individual platelets and few tactoids and aggregates. 

30 

The above polyester-platelet nanocomposite was dned overnight m a 
vacuum oven at 120°C with a slight nitrogen purge. The dned material was 
compression molded at 2S0°C then quenched in ice-water to provide clear films 



with .hickn- of about ,0 mil. Testing conducted on the film, gave an average 
oxygen permeability of 2.0 cc-nul/>00in>-24 te -a«m; thus, the polyester-particle 
composite has significantly improved bamer properties 



fix ample 6 



aoog of the oligomeric polyester-platelet particle composite from Example 
a was annealed in an electrically heated solid stating unit with a nitrogen flow rate 
"of ,0 scflr. The temperature was initially held for 4 hours a. 18 0°C, raised ,o 
I9 0°C for 1 hour, raised to 200°C for 1 hour, raised to 210°C for 1.5 hours, and 
raised to 220°C for 2 hours. Microscopic analysis of the nanocomposite matenal 
showed that a high level of clay dispersion is mam.ained during solid state 



annealing. 



Vvxmvle 7 



The procedure of Example 2 was followed except that the organoclay used 
was a bl s(2-hydrox y eth y l)-meth y l-tallow am— chlonde (ETHOQUAD T/12) 
treated sodium montmorillonite, as disclosed in WO 96/08526, obtained from 
Southern Clay Products. The amount of organoclay used was in the melt 
pounding step was 23.2 weight percent. 
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F ynmple 8 

The procedure of Example 2 was followed except that the organoclay used 
was a bi s(2-hydroxyethyl)-methyl-octadecyl ammonium chloride treated sod.um 
montmorillomte obtained from Southern Clay Products. The amount of 
organoclay used was in the me,, compounding step was 27 weight percent. 

Fx am ple S> 

The oroeedure of Exampl e 2 was followed except that the sod.um 
montmorillomte used was Kanupia F avat.abie from Kunimine Ind., Inc. The 



amount of organoclay used was in the melt compounding step was 32.6 weight 
percent. 

F.y ample 10 

The procedure of Example 5 was followed except that the amount of 
organoclay used in the melt compounding step was 51.6 weight percent. • 

•Rvample 11 

The procedure of Example 5 was repeated except that 25 weight percent of 
the oligomeric polyester-platelet particle composite of Example 2 was used. 

•R y ample 12 

The procedure of Example 5 was repeated except that 40 weight percent of 
the oligomeric polyester-platelet particle composite of Example 2 was used. 

•Ryampie 13 

The procedure of Example 7 was repeated except that the extruder used 
was a APV 19 mm corotatmg twin screw extruder. The temperature of the initial 
zones of the barrel are set at 220°C and the temperature of the last zone and the die 
are set at 240°C. The APV was configured to feed directly into the first zone of the 
Leistritz Micro 1 8 Extruder with a barrel and die temperature of 280°C. PET 992 1 
is fed into the feed hopper of the Leistntz Extruder to allow the clay/OET mixture 
to be let down into PET. For both extruders, a general compounding screw is 
utilized at a rate of 200 RPM. 

Fy ample 14 

The procedure of Example 6 was repeated except the material from 
Example 10 was used instead of the material from Example 2. Microscopic 
analysis of the nanocomposite material shows that a high level of clay dispersion » 
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maintained during solid state annealing. The weight average molecular weight of 
the polyester matrix is determined by size exclusion chromatography to be about 
40,000 g/mole. 

Exampje_li 

The procedure of Example 6 was repeated except the matenal from 
Example 12 was used instead of the material from Example 2. Microscopic 
analysis of the nanocomposite matenal shows that a high level of clay dispersion is 
maintained during solid state annealing. The weight average molecular wetght of 
the polyester matrix is determined by size exclusion chromatography to be about 
40,000 g/mole. 

Example 16 



The procedure of Example 6 was repeated except the material from 
Example 13 was used instead of the material from Example 2. Microscopic 
analysis of the nanocomposite material shows that a high level of clay dispersion is 
maintained during solid state annealing. The weight average molecular weight of 
20 the polyester matrix is determined by size exclusion chromatography to be about 
40,000 g/mole. 



Polyamide Examples 
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In the following examples, to obtain a highly exfoliated m-xylyladip amide 
polyamide (MXD6) nanocomposite, oligomeric MXD6 is mixed with a series of 
montmorillonite organoclays. These materials are melt mixed in a laboratory 
reactor and an assessment is conducted of their dispersion into the MXD6. The 
morphology of these composite materials is then evaluated to assess which 
or-anoclay exhibited the greatest tendency to exfoliate into the MXD6 oligomer. 



Example!^ 

A low molecular weight m-xylyladipamide polyamide (oligomeric MXD6) 
was prepared. This material was analyzed by titration of the amine and 
carboxylate end groups to possess a number average molecular weight of about 
3 000 and was determined to have an I.V. of about 0.41 dL/g. 306.4 grams of this 
oHgomeric poly(m-xyl y ladipoyl diamine) was dry mixed with 55 grams of SCPX- 
1578 oreanomontmorillonite clay purchased from Southern Clay Products and 
then dried at 1 10°C overnight in a vacuum oven. The mixture was then extruded on 
the Leistritz Micro 18 corotating twin screw extruder equipped with a general 
compounding screw. The AccuRate pellet feeder was set at a rate of approximately 
0 Whr with a nitrogen atmosphere over both the feeder and the hopper. The barrel 
and^ie temperatures were set at 280°C and the screw RPM at approximately 27,. 
After the extrusion was complete, 100 grams of the extrudate pellets are dry-mixed 
with 300 grams of MXD6 6001 polyamide pellets purchased from Mitsubishi 
Chemical. The MXD6 polyamide possessed an I.V. of about 1.1 dL/g. The 
mixture was then extruded on the Leistritz extruder under the same conditions used 
with the clay polymer mixture but at a feed rate of 2.0 to 2.5 kg/hour. 

The material obtained was then characterized by optical microscopy (OM), 
transmission electron microscopy (TEM) and by wide angle X-ray diffraction 
(WAXD) to determine the degree of dispersion of the organoclay into the polymer 
matrix and to assess the morphology of the composite material. The WAXD 
analvsis was earned out on a ground sample of the material using an X-ray 
diffractometer equipped with a Cu Ka X-ray source. The diffraction profile from 
the organoclay exhibits a diffraction maximum corresponding to a basal spacing 
value of 1.8 mn. For the nanocomposite material, no diffraction maximum is 
exhibited in the WAXD profile (Figure 1). The X-ray intensity decreases 
m onotonically throughout the entire angular range of the diffraction angle, 9 from 
1.5° to 10°. By optical microscopy it is determined that the composite material 
exhibits a high degree of clarity, indicating that most of the organoclay is well 
distributed into the matrix of the polymer. The transmission electron micrographs 



verified that, in most cases, each of the clay layers is exfoliated, i.e. individually 
dispersed in the polymer matrix. 



A film was formed from the nanocomposite material by compression 
5 molding on a hydraulic press at 2S0°C followed by immediate quenching in ice 
water to minimize crystallization on cooling. The oxygen barrier of the film was 
then determined on a Mocon 2/20 oxygen permeability tester to be 0.03 cc miVlOO 
in 2 -24hr.-atm. 

10 Example 18 

The procedure of Example 17 was repeated using 300 grams of the 
oligomeric poly(m-xylyladipoyl diamine) dry mixed with 50.6 grams of SCPX- 
1580 organomontmorillonite clay purchased from Southern Clay Products, and 
1 5 then 120 grams of the oligomeric nanocomposite extrudate pellets and 300 grams 
of MXD6 6001 polyamide pellets. 

The morphology of the product was assessed in a manner similar to that 
described in Example 17. For the nanocomposite material, no diffraction 
20 maximum was exhibited in the WAXD profile (Figure 2), with die X-ray intensity 
decreasing monotonically throughout the entire angular range. By optical 
microscopy a high degree of clay dispersion was observed for the composite 
material. The transmission electron micrographs verified that, in most cases, each 
of the clay layers is exfoliated. 

25 

A film was formed from the nanocomposite material by compression 
molding on a hydraulic press at 280°C followed by immediate quenching in ice 
water to minimize crystallization on cooling. The oxygen bamer of the film was 
then determined on a Mocon 2/20 oxygen permeability tester to be 0.04 cc mil/100 
30 in 2 -24hr.-atm. 



F.vnmple 19 

The procedure of Example IS was repeated using 76 grams of SCPX-1961 
montmorillonite clay purchased from Southern Clay Products in place of SCPX- 
1580. 

The morphology of this material was assessed in a manner similar to that 
described in Example 17. For the nanocomposite material, only very weak 
diffraction maxima were exhibited in the WAXD profile (Figure 3), indicate of 
basal spacing values of approxunately 2 and 3 .7 nm. By optical nucroscopy a hrgh 
degree of clay dispersion was observed for the composite material. The 
transmission electron micrographs venfy that, in most cases, each of the clay 
layers is exfoliated. 

F^ample 20 

In this example, 4854 grams of oligomeric poly(m-xylyladi P oyl diamine) 
was dry mixed with 836 g of SCPX-1578, both described in Example 17. The 
mixture, prior to compounding, was dried overnight in a vacuum oven at 100°C 
and then allowed to cool. This material was then processed on a Werner-Pfleiderer. 
30 mm twin screw extruder (WP-30) equipped with general compounding screws, 
with the RPM set at 300. The temperature profile of the extruder barrel was set 
with the first zone at 200°C increasing eventually to 260°C at the die zone. The 
extrude was collected, ground and vacuum dried overnight at 100°C. A dry blend 
was then made of 4666 g of this extrudate with 11913 g of MXD6 6007, purchased 
from Mitsubishi Chemical Company. The mixture was than extruded and 
palletized on the WP-30 with a processing temperature of 260*C and a screw RPM 
of 300. The resulting material was then dried overnight at approximately 110°C in 
a vacuum oven. 

The morphology of this material was assessed in a maimer similar to that 
described in Example 17. The transmission electron micrographs verified that, in 



m „s, cases, each of .he Cay iayers is exfo.ia.ed. For the nanocomposite ma«ena 

o lffi ac.io„ max.mana was exhibited ,„ a. WAXD profi.e. The X ray 
.creases mono.on.caUy throughoo, the enUre angtdar ra„ g e of ,.re d.frrae on 
angie, 6 from , .5° to 10" When this matena, was ana.yzed by ash,„g, 2.8 /. of 
original weight was obtained. 

The pellets of .Us ma.enal were forwarded .0 two p.asries processing (tens 
for .he injection tno.dmg of .ri-.ayer preforms and .he suhsennen. sh-e.ch hlow 
mol ding in.o honles. The oxygen permeable of Ure ho.Ue sidewaU was 
^emrnted on me Mocon Ox- tt an 2,20 oxygen permed .es.e, The oxygen 
penneabiHry of me bamer iayer of .he bo.de s.dewaU was charac.enzed a 0.0* 
l,100nr-24hr-a.m and 0.06 oc/100in'-24hr-ahn for .he boh.es prepared by .he 
«wo mumlayer injection moiding presses with sobsemrent sneteh b,ow mohhng. 

BoMe controls were prepared containing MXD6 6007 as me harrier layer. 
The oxygen penneabifi.y of me sidewaU bander materials in these botUes was 
approximately 0.3 cc/1 00in ! -24hr-atm 

IF v am ple 21 

In this example, 500 grams of oligomeric poly(m-xy,yladipoy, diamme), 
deseribedinExanrpIel-.wasdrymixedwUhdS^gramsofSCPX-lSSO 

i in The mixture was dned overnight m a 
montmorillonite clay, described Example 18. The mixture 

vacuum oven at 120*C, allowed to cool, and then mixed with 29.6 grams of 
pyr omellitic dianhydride purchased from Aldrich Chemical Company. This 

a nn n T pi stritz Micro 1 8 corotating twin screw extruder 
material was then processed on a Leistntz Micro 

equipped whh general compounding screw. A feed rate of approximately 1 .5 
ko/h0 ur was selected using an AccuRate feeder. The material was processed at 
280°C and 250 rpm with a vacuum hose attached to the vent port on the 7 zone of 
the extruder. 

The morphology of tins matena. was assessed in a manner similar to (ha. 
described >n Example 17. The transmission electron micrographs verified «ha, m 



mos, cases, each of Che Cay layers is exfoliated. For the nanocomposde 
o faction — waa exhib.ted in ,he WAXD profile. The X-ray tnKnstty 
decreases monotonically throughout .he enure angular range of the drffrae.ro 
„.!« 9 from ,.5" to >0° The low angle ,aser l.gh, scattering (LAIXS) resrrhs of 
Jnauocomposite indicate ,ha, the weigh, average molecular weigh, of the 
poly amrde eonrponen, tncreased flom 6,000 g/mole ,o 1 8,000 gimole as a resnl, of 
the chain extension process. 



P.vam ple 22 

to this example 200 grams of poly(m-xyly.adipoyl dramine) polyamrde, 
described in Example 17, was dry mixed with 8.3 grams of SCPX-l a80 
m on,moril,oni,e Cay, described Example 18. The mtxtore was 
vacnnm oven a, 120°C, allowed ,o cool, and added ,o a 500 ml round bottom flask. 
This ma,enal was purged with mitogen gas, evacua,ed, and flushed agam wrth 
mtrogen gas. The material was flren mel.ed and processed a, 280'C for 1 hour 
under constant stirring. 

The morphology of , his material was assessed in a manner similar ,o tha, 
descnbed in Example 17. TTre transmission electron micrographs verified ,ha,, rn 
mos, cases; the Cay layers are exfoliated. For me nanocomposite matenal, no 
faction maxnnnm was exhibr.ed rn ,he WAXD proffle. The X-ray mtertarty 
decreases monolonicafly throughout ,he enfire angular range of fl,e dtffractton 
angle, 9 from 1.5° to 10°. 

Fyam ple 23 

75 0 »rams of an amine terminated oligomeric p oIy(m-xylyladipamide) 
wi ,h I V. of 043 dUg, 3.20 grams of adrpic acid, 2.16 granrs of SCPX-1580 onrum 
■ m ,n,erca,a,ed Cay, and 50.0 grams of wa.er were charged ,0 a 500-mL roun - 
b „,,om flask fitted wi,h a short dtstil.a.ion column and a mechanical strrrer. Undu 
a dynamic nitrogen atmosphere the flash was heated a, 1 00 C with sttmng a. 1 50 
J, for about 1.5 baa. Then the temperature was mcreased to 275"C over a penod 



of about 1 5 hr to drive off the water and melt the reactant, The material kept at 
275-C for about 30 minute.. The resulting product had an LV. of about 0.80 dL/g 
and analysis by WAXS showed no basal spacing of the clay. 

This example demonstrates the formation of a nanocomposite using 
oligomenc polyam.de and chain extensron of the ohgomenc polyamide to hrgh 
polymer. 

QQBa paratj ve Fx ample 2 

931 ™ of MXD6 6001, poly(m-xylyladipoyl diamme) with an LV. of 
about 1.1 dUg, was dty mixed with 68.9 grams of SCPX-157S monfrnorillotnte 
clav described Example 17. The mixhare was dried a. 110-C overman, m a 
vaouum oven then exttuded on the Leistritz Mioro 18 exfruder. Equipped with a 
general compounding screw. The AccuRate pellet feeder was set at a rate of 
approximately 2 kg/hr wuh a nih-ogen atmosphere over both the feeder and die 
hopper. The barrel and die temperatures were sc. at 280°C and the screw RPM a. 
approximately 275. 

The morphology of this material was assessed in a manner similar to that 
described in Example 17. For the nanocomposi.e materia,, in the WAXD profile 
(Figure 4) diffraction maxima are observed indicative of a basal spacing values a, 
about 1.76 and 3.55nm. 

By opfical microscopy, a high fraction of larger clay particles is observed 
for the composite material. The .ranstmssion electron micrographs of me 
composite materia, exhib.t many clay tactoids composed of low numbers of clay 
layers. 

re parative Ex ample 3 

The procedure of Comparative Example 2 was repeated using 932 grams of 
MXD6 6001 poly(m-xylyladipoyl diamme) and 67.6 grams of SCPX-1,30 



m o»«moril.oni<e day, both descnbed in Example 18. The -otology of thrs 
m a«ena, was assessed m a mamter stmi.ar to do descnbed in Examp,. 1 , For 
nanocomposite materia., m the WAXD profile (Figure 5). a diffraction maxrmnm 
is observed indicative of a basal spacing values at about 1 .61 and 3.32 run. 

By oprical mrcroscopy, a high fraction of larger clay particles is observed 
for the composite material. The transmission electron micrographs of the 
composite material exhibit many clay tactoids comprised of several layers. 

riorn parat "'* Trample 4 

The procedure of Comparative Example 2 was repeated using 900 grams of 
MXD6 6001 poly(m-xylyladipoyl diamine) and 100 grams of SCPX-1961 
nrontmorillonite clay, descnbed in Example 17. The morphology of this matenal 
was assessed in a manner similar to that descnbed in Example 17. For the 

• , ■ a. wa-xd nrofile fFi^mre 6), a diffraction maximum 
nanocomposite matenal, in the WAXD prome tn s ur 

is observed indicative of a basal spacing values at about 1 .63 and 3.06 nm. 

By optical microscopy, a high fraction of larger clay particles is observed 
for the composite material. The transmission electron micrographs of the 
composite material exhibit many clay tactoids comprised of several layers. 

A comparison of the above Examples, which incorporate oligomer 
precursors (polyester and polyamide) thereby forming a composite pnor to forming 
a high molecular we lg ht nanocomposite matenal, with the Comparative Examples 
(that do not utilize an oligomer) illustrates that using an oligomer precursor 
impi -oves the state of exfoliation of the resulting nanocomposite. By improving the 
exfoliated state, higher barrier articles may be made. 

Throuehout this application, various publications are referenced. The 
dl sclosures of these publications in their entireties are hereby incorporated by 
reference into tins application in order to more folly describe the state of the art to 
which this invention pertains. 



It will be apparent to those skilled to the art that various modifications and 
variations can be made in the ptesent invention without departing from the scope 
or spin, of the inventton. Other embodiments of the invention will be apparent to 
those skilled tn the art from consideration of .he specfication and prachce of the 
invention disclosed herein. It is intended that the specification and examples be 
considered as exemplary only, with a true scope and spirit of the inventton betng 
indicated by the following claims. 



